Abstract -Very high voltage can generally be measured with a capacitor divider.
INTRODUCTIOH
The use of capacitive dividers is often the only possible technique to measure very high potentials. The principle is very simple: a sensor, conducting medium, is placed between the medium whose potential must be measured and another with reference potential, generally the earth. This sensor will, by capacitive influence, be reaching a potential which will change according to capacitances it presents with regard to the two potentials -the one measured and the earth. Figure 1 represents the real structure of such a sensor. Figure 2 I Diagram of the problem to be solved
We are therefore dealing with the calculation of conductor 3 ' s potential (floating potential) whereas it is insulated from the body of the circuit breaker by a very thin layer of dielectric.
Thin mediums :
The use of the finite element method (necessitating a meshing of the field of study implies the transformation of the equations of the electrostatic problem into a problem of finding the minimum integral value (functional). It is unnecessary to develop it more before hand. The thin mediums, whose planar representation, in planar or axisymetric problems, in fact quasimonodimensional domains, cannot be meshed identically to the field of study. We must therefore develop a particular method. Two possibilities : linear or bilinear elements. To the classic functional of the system associated with the Laplace equation, we add the contribution of the thin medium : R = field of study R,= thin medium with permitivity em.
The' resolution of this problem is not developed, a classic technique.
,Insulated conductor I
The resolution of an electrostatic problem leads to the resolution of a matrix system :
if there is no volume charges.
For an insulated conductor, we may note that I -inside the conductor, the field is zero, so no meshing is necessary.
-all the nodes situated on the contour of the conductor, are at the same potential but all appear in vector V1.
Of all these nodes, only one is necessary to calculate (the degree of freedom can therefore decrease). If [Vl'l indicates the new vector, the unknown quantities :
where I R 1 is rectangular matrix. The system to be resolved is
:
This mathematical transformation expresses physically the conservation of the insulated conductor's charge. This approach has a major disadvantage : it considerably increases the bandwidthof the resolution matrix.
APPROACH WITH TRE AID OF A BIE METHOD
We shall see below the need to develop another technique to resolve the concrete problem that we came across and that we presented in the introduction. The structure of the sensor as well as the nature of the problem to be resolved naturally led u.s to the use of the Boundary Integral Equation method in axysymetric geometry a method that we have developped.
Principle of division :
The principle of the division is on figure
. The division ratio can be expressed by :
This ratio obviously depends greatly on the position of conductor 3. The capacitance of conductor 3 can be divided into 3 parallel capacitances 8s shown in Conclusion Capacitance C can be calculated analytically as it is a cylindrical capacitance. In order to determine the capacitances CA and CB, it is necessary to solve the Laplace problem in the regions A + B.
Two processes are possible : either, the use of BIE method to determine the partial capacitances, or the direct resolution of the BIE problem. Direct solution by BIE method :
Determination of partial capacities by BIE method
The BIE method also allows the direct resolution of the problem such that it ressembles the real case:
It is the problem of a conductor at a floating (nonfixed) potential. It should be noted that such a problem does not cause any complications at the matrix level. Contrary to the variational formulation, the BIE method does not automatically fix a zero value for the charge on the conductor 3. This necessary supplementary condition, is written : 2x6, q r -ds = 0 s : :
relationship in which we can introduce the cylindric capacitance C :
s3
The method that we have just decribed, can be used for no matter what value of charge of the conductor 3 (not only zero charge) and more generally allows the use of the charge of the conductors i place of their potential. Two important characteristics of the BIE method a r e shown clearly by the example that we have just given: there is the possibility of treating the geometries with a large difference between the dimensions (1 to 500 in this example) and of introducing in a very simple fashion, a partial analytic solution. The capacitance C can even describe an external capacitance. For example, the capacitance of t h e instrument measurement V3;
COMPARATIVE RESULTS
A certain number of tests have been made which provide interesting informations. These tests allow the comparison of the results obtained :
-with a BIE method, -with a finite element method, -experimentally
Matching results :
The comparative process is always identical with test configurations that become more and more complex with the possibilities of analytic calculation. One of first configurations was the following ( analytically by the BIE method and by t h e use of finite elements. These perfectly matchly results, justify the use of this process for the two methods.
Non matching results :
We used our two techniques in order to determine the division ratio of the capacitor divider. It has been shown that these present large gaps as are shown i n figure9. This difference can be explained by the importance of the corner effects, which are crucial in electrostatics, and also by the important influence on the transformation ratio of the distance x. The BIE method takes into account the distance x in its kernells and by the fact is more precise for t h i s parameter.
CONCLUSION
We have tried to .show that for the same problem with the followlng two difficulties -thin medium and floating potential, $wo methods could be used :
The finite elements method, which is widely used and very successful., After an inexpensive adaptation, one would hope for good results. Our experience has shown that we must be prudent : If the results are acceptable in simple geometry (as they would probably be in magnetostatics), they become less acceptable in electrostatics with complex geometry. That proves that, more generally speaking, electrostatic remain a domain which is best adapted for :
The BIE method, greatly limited in the nature of the materials used, is particularly well suited for this kind of problems : it takes into account exactly the effects of tips and corners, the effects of distance, and above all the posssibility of, introducing an external value , here the capacitance of the measuring system, in the resolution of field equation, It is perhaps also necessary to search for the mediocrity of the results given by a finite elements method.
